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1.1 What Can I Learn From Urine?
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1.2 Introduction
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Introduction

Often when you go to the doctor for a
physical exam, you are asked to give a
urine specimen. Have you ever wondered
what information can be obtained from
urine? Have you ever wondered what
happens to the urine once it gets to the
medical laboratory? You may not have
wondered before this, but after completing
this module, you may never look at urine in
the same way again!

Click here to read the learning objectives.





1.3 Why Urine?
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Why Urine?

Many of the specimens sent to the medical
laboratory have been obtained using invasive
methods, such as using a needle to obtain
blood from your arm. Urine, however, is one of
the few specimens that can be obtained
without using invasive techniques. This is why
urine was one of the first body fluids to ever be
used to determine health and disease. The
oldest known “lab test” was performed on
urine around 400 BCE.

Urinalysis is also a relatively inexpensive test
that can provide a lot of information when a
complete urinalysis is performed.





1.4 Role of the Kidneys
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Role of the Kidneys

As blood flows throughout the body, it picks
up various chemicals that have been released
from tissues and organs. This blood will also
flow through the kidneys, with about 440
gallons of blood passing through the kidneys
every day.

About 5 inches

Each kidney contains about one million
nephrons which are the filtering units of the
kidney. Nephrons transfer many of the
chemicals from the blood to a filtrate which
will eventually be concentrated to form urine.
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1.5 Urine Composition
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What affects urine composition?

The chemicals and other components found in urine
can be affected by many things - the food you eat,
the amount of fluids you drink, blood flow to the
kidneys, the medications you take, and the metabolic
processes occurring throughout your body.

Therefore, urinalysis can be useful to screen for
certain conditions and diseases. Urinalysis can be
used to monitor how a disease is progressing or
improving, the effectiveness of therapy, or for the
presence of metabolites of illegal drugs. Of course it
can also provide us with information about the
kidneys themselves.





1.6 Glucose and Diabetes

[image: image6.jpg]What Can | Learn From

Urine Glucose and Diabetes

A familiar example of a metabolic disease that can affect urine
composition is diabetes. Normally, blood sugar (glucose)
concentration will be between 70-100 milligrams per deciliter
(100 milliliters). The glucose molecule is small enough to enter
the urinary filtrate, and as long as the amount of glucose in the
filtrate is small enough, the tubules of the nephron will actively
transport the glucose back to the bloodstream, so a healthy
individual will normally not have glucose in their urine.

However, in diabetes, the blood glucose is not utilized as it
should be, so the concentration of glucose in the blood
increases. If the concentration in the blood is over 180
milligrams per deciliter, or the threshold concentration, the
tubules of the nephron cannot get all of the glucose back into
the bloodstream fast enough, and glucose will then be found in
the urine.

rine? Medical

atory Sciences

1. Introduction | Sections | About

D-GLucosE
ANHYDROUS





1.7 Complete Urinalysis
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Urinalysis

In the next three sections, you will learn about the
three components of a complete urinalysis:

1.The Physical Analysis - This is the appearance of
the urine, including the color, clarity, and
sometimes even the odor of the urine.

2.The Chemical Analysis - This looks at the presence
and quantity of the most common chemicals
found in urine.

3.The Microscopic Analysis - This involves using a
microscope to find cells, bacteria, crystals, and
many other things you probably didn’t know
could be found in urine.
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1.8 Knowledge Check
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Urinalysis is used for which of the following?
Check all that apply.

A.To screen for certain diseases

B. To monitor diseases

C. To monitor the effectiveness of treatment

D. To cure diseases

eck answi





1.9 Knowledge Check
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Nephrons act as filter units within the kidney.

True

False





1.10 Physical Examination
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The Physical Examination

When the urine arrives in the lm
laboratory, tf_\e med_ical \i,
laboratory scientist inspects the

urine for color, degree of clarity

or cloudiness, the presence of

foam on the surface, and for any

unusual odor. Each of these

physical characteristics can

provide some evidence of various

disease states.





1.11 Color
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Color

Most of the time, urine is pale yellow in color. However, compounds produced by the body, or certain
foods, medications, or infections can cause the color of urine to change.

One example of a chemical that can cause color changes is hemoglobin from the blood. If there is
bleeding occurring somewhere in the urinary tract, blood cells can enter the urine. A small amount of
blood may not be enough to cause a color change, but as the amount increases, the urine color can
change from yellow, to pink, to red. Hemoglobin can oxidize to methemaglobin, which turns from a red
color to a brown color.

In certain conditions, or following the ingestion of certain medications, urine can be orange, green, blue,
or even black.





1.12 Clarity
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Clarity

The clarity of the urine is also assessed. This is
done by placing urine in a test tube and
determining how well newsprint can be read
through the tube. The clarity of the urine is
categorized as:
¢ Clear - no particulates seen
¢ Slightly cloudy - particulates seen, but
newsprint can be read
¢ Cloudy - newsprint can be seen, but not
read through the urine
¢ Turbid - Newsprint cannot be seen





1.13 Cloudy Urine
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Cloudy Urine

Cloudy or turbid urine can be caused by the
presence of bacteria (either from an X
infection, or from the sample just sitting R’
around too long), cells sloughed off from

the urinary tract, or crystals that have

formed in the urine. If a medical laboratory

scientist sees a cloudy urine, they know they @
will need to look for particulate material in / —
the microscopic examination of the urine.

o

Squamous epithelial cells from the lower urinary tract
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1.14 Foam
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Foam

The presence of white foam on the urine’s
surface is an indicator that protein is present.
Normal urine should have very little protein
present, because most proteins are too large to
pass through the glomerulus, where the
filtering takes place in the nephron.

Yellow foam is an indicator that bilirubin is
present in the urine. Bilirubin is a metabolite
of hemoglobin, and is the compound that gives
skin and eyes the yellow color when a patient
becomes jaundiced.





1.15 Concentration
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Concentration

Urochrome, the compound that gives urine its ‘3
yellow color, is produced and excreted by the
body at a constant rate, so the intensity of the
yellow color of urine is an indication of the urine - ‘

concentration. Urine that is almost colorless is not
very concentrated, and urine that is dark yellow is
more concentrated.

e o

Urine concentration can be an important
indicator of some diseases. In diabetes insipidus,
the kidneys are unable to concentrate urine,
which results in excessive loss of fluids, salts, and
minerals from the body.





1.16 Concentrated Urine
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Concentrated Urine

Concentrated urine is usually an indicator
that an individual is not well hydrated, and
this can cause problems. Many medications
contain instructions directing the individual
to drink plenty of water while they are
taking that medication. One reason for this
can be that if not enough fluids are
consumed, the medication can crystallize in
the urinary tract, like the sulfa crystals
shown here. Some medications form sharp
crystals that can cause bleeding as they pass
down the urinary tract.

Sulfa crystals in urine





1.17 Specific Gravity
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For a more accurate determination of urine
concentration, a measurement called specific
gravity is used. Specific gravity is an indicator of
how much material is dissolved in the urine.
Dissolved material adds some different physical
properties to urine. One of these properties is
the urine becomes heavier, or more dense. The
value for specific gravity is the weight of one
milliliter of urine divided by the weight of one
milliliter of water. If you've ever looked at a salt
water aquarium, you may have seen an
hydrometer floating in the tank. This is
measuring the specific gravity of the water.
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1.18 Specific Gravity
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Specific Gravity

Another property that changes as more material is dissolved in urine is that light bends differently as it
passes through the urine. This property can be measured using an instrument called a refractometer.
The urine is placed in a narrow chamber on the instrument and light is passed through the chamber.
Bending of the light will cast a shadow on a scale engraved on the inside of the instrument. More
material dissolved in the urine will bend the light further, moving the edge of the shadow further up

the scale.





1.19 Knowledge Check
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Which of the following are colors urine can be?

Check all that apply.

C. Blue

D. Bladl

A.Orange

B. Green

k





1.20 Knowledge Check
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Which of the following are used to describe urine?

Check all that apply.

A. Weight
B. Color

C. Clarity

D. Foam





1.21 Knowledge Check
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A large amount of foam in urine is a good sign.

True

False





1.22 Chemical Characteristics
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Chemical Characteristics

Urine contains many different chemicals that can
serve as indicators of various chemical processes
taking place in the body. Whether or not these
chemicals are present in the urine, and how much
of these are present is determined by dipping a
strip holding chemical pads into the urine.
Within each of the pads on the strip, reagents are
embedded that will react with the urine
chemicals, and change color depending on the
amount of the urine chemical present. In this
section, you will learn what some of these
chemicals are and the conditions that are ™
associated with them.
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1.23 Specific Gravity
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Specific Gravity

Specific gravity can also be estimated by determining the amount of salts present in the urine. When
using a urine reagent strip, it is the ions, or salts in the urine that will react with the chemicals in the
strip. In most cases, this is a good indication of urine specific gravity or concentration. However, in some
disease states, the urine will contain non-ionic compounds, such as sugar, that will not react with the

strip, but do cause an increase in specific gravity. When this is suspected, the refractometer discussed in
the physical analysis of urine is used.

For this test strip, the color of the pad is matched to the colors on the bottle 60 seconds after dipping the
strip in the urine. The reaction strip will change from dark blue to yellow orange as more salts are
present.
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1.24 pH
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pH

The pH of the urine is an indicator of how acidic or alkaline the urine is. One of the important roles of
the kidneys is to help maintain the pH of the blood by eliminating or retaining acids, bases, and other
salts. Normal urine pH can range from 4.5 to 8.0. Most of the time, the urine produced will be slightly

acidic, with a pH of between 5.0 and 6.0. However, after eating, much of the body’s acidity is directed
to the stomach, so the urine is less acidic, or alkaline. This change from acid to alkaline urine has been
called the “alkaline tide” and is one way the body prevents the salts in the urine from forming crystals
and kidney stones in the renal tubules.

Medical tory Sciences
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When performing a urinalysis, knowing the pH of the urine can help a medical laboratory scientist
identify what crystals are present in the urine.
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1.25 Glucose
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Glucose

Glucose, often called blood sugar, is not normally found
in urine. Glucose is a small enough molecule that it can
get into the urinary filtrate. However, the kidney is very -etucos

ANHYDROUS

efficient at placing nutrients like glucose back into the
bloodstream, so under normal conditions the glucose is
returned to the blood. However, if the glucose
concentration in the blood becomes too high, the renal
tubules of the kidneys can’t pump the glucose back to
the blood fast enough, so some glucose remains in the
urine.

Glucose is most often found in the urine in cases of
diabetes mellitus that is not well-controlled. The more
glucose that is present in the urine, the greater the
change in the color of the reagent pad.





1.26 Ketones
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Ketones

Ketones are formed when fats in the body are
metabolized. Any time there is an increased
amount of fat metabolized by the body, there
will also be an increase in the amount of ketones
produced. This can occur in diabetes mellitus
when the body is not able to utilize the glucose
in the blood for an energy source. It can also
occur during dieting or if the patient has an
illness that causes severe nausea and vomiting.

If ketones are present, the reagent pad will
change from beige to purple in color. Ketones
can give the patient’s breath and urine a sweet
or fruity odor.





1.27 Nitrites
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Nitrites

Nitrites in the urine are primarily used as an indicator of a urinary
tract infection. The urinary tract should be reasonably free from
bacteria and urine has been considered to be close to a sterile body
fluid. Normally, bacteria and nitrites are not present in urine, but
nitrates are. Nitrates in urine come from the foods we eat, such as
green vegetables, or proteins. However, if there are nitrate-reducing
bacteria in the urinary tract, and they are in contact with the urine for
a long enough time in the bladder (a minimum of four hours), the
nitrates will be converted to nitrite.

Not all bacteria that cause urinary tract infections (UTI) reduce
nitrates, but Escherichia coli, which is the most frequent cause of
urinary tract infections does reduce nitrates.

If nitrites are positive, the medical laboratory scientist should look for
bacteria in the microscopic analysis.





1.28 Leukocyte Esterase
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Leukocyte Esterase

Leukocyte esterase is an enzyme found in white blood cells. If the
organism causing the UTI doesn’t reduce nitrates, or if the patient
doesn’t consume many nitrates in their diet, leukocyte esterase
provides another test to detect an infection. Leukocytes, or white
blood cells, are the infection-fighting cells of the blood. Neutrophils, a
type of white blood cell, contain granules in their cytoplasm that help
kill the bacteria causing the infection. Leukocyte esterase is one of the
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enzymes contained within these granules. )

Although urine is not a very friendly environment for the leukocytes,

the presence of the enzyme can be detected, even if the leukocytes 4

have disintegrated. If enough of the enzyme is present, the reagent [ 4 9 E

pad will change from white to purple, indicating the presence of an i y s
infection. | J ) <

If leukocyte esterase is positive, the medical laboratory scientist should
look for white blood cells in the microscopic examination of the urine.

Two neutrophils in a blood smear.
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1.29 Protein
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Protein

The majority of proteins in the bloodstream are too large to
enter the urinary filtrate of a healthy kidney. Protein in the
urine can be caused by a number of different conditions.

« Overflow proteinuria is caused when there are excess
amounts of small proteins in the blood, such as excess
myoglobin from muscles if the patient has had muscle
crushing injuries in an automobile crash.

« Renal proteinuria is caused when damage to the kidneys
results in more proteins being passed into the urinary
filtrate, or defective reabsorption of proteins back into the
bloodstream. ! o Muscle fibers: Small sized proteins such as

+ Postrenal proteinuria is the result of proteins getting in myoglobin can be detected in urine if a
after the urine has passed out of the kidney. This can patient had a muscle-crushing injury.
occur with a urinary tract infection, injury, orif a
malignancy is present.
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1.30 Albumin
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Albumin

Albumin is a relatively small protein. Albumin makes up about
half of the protein in an egg white, and it also makes up about
half of all of the proteins in blood plasma, the liquid portion of
the blood. Albumin is just small enough to pass through into
the urinary filtrate, but most is usually reabsorbed into the
bloodstream.

The amount of albumin that is able to enter the glomerular
filtrate is used as an indicator of the health of the filtration
barrier of the kidney. One of the earliest signs of the kidney
disease that develops with diabetes mellitus is an increased
amount of albumin in the urine. When this increase is detected
early enough, it can provide the physician with the information
to begin treatment early and keep the kidney damage from
becoming worse.





1.31 Blood
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Hemoglobin and Blood

Blood should not be present in the urine in

detectable amounts. When blood is present in the L
urine, the urine can appear cloudy due to the blood -
cells that are present. If the urine is dilute, the red

blood cells may break apart, or lyse. This will release

A 4 Original
free hemoglobin into the urine. &

Urine Sample

In the photo shown here, you see the cloudy urine in

the cup. When the urine is placed in a centrifuge = '::f::m::‘"
and spun, the blood cells and other material will

form a pellet in the bottom of the tube. The free
hemoglobin stays in the urine above the pellet. If ‘U<_ Red Blood
the concentration of blood and hemoglobin is great
enough, the urine will have a pink or red color.

ERSI





1.32 Hemoglobin & Blood
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Hemoglobin and Blood

Hemoglobin is the protein found in the red blood cells that
carries oxygen to the rest of the body. It is the heme
portion of the hemoglobin molecule that is detected by the
reagent strip.

The blood/hemoglobin pad on the strip shown here is the
very last pad on the strip. If blood cells are present in the
urine, a speckled pattern may appear on the pad (second
row of squares from the bottom) as the red blood cells burst
at that site of the pad. If free hemoglobin is present, the
color of the pad will change evenly across the pad.

This urine contains enough blood to give the urine a red
color, so the entire pad turned to a very dark green.





1.33 Bilirubin
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Bilirubin

Bilirubin is the breakdown product of hemoglobin and is an intense orange-yellow color. It is normally
removed by the liver, metabolized further in the intestines and excreted in the feces. In liver disease, it
is the compound that causes jaundice, or yellowing of the skin and sclera of the eyes. It can be broken

down by exposure to light, which is why babies that have high bilirubin levels at birth are treated with
phototherapy, such as the one shown here with the light strapped to his back.

Medical Laboratory Scienc
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When the liver is diseased, the bilirubin gets into the bloodstream and can be removed by the kidneys.
You may remember from the physical examination of urine that yellow foam on the surface of urine is

an indicator that bilirubin is present.





1.34 Urobilinogen
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Urobilinogen

Urobilinogen is a breakdown product of bilirubin. When
bilirubin enters the intestines, the bacteria in the intestines
convert the bilirubin to colorless urobilinogen. Most of the
urobilinogen is converted to the colored compounds that give
feces its characteristic brown color. However, some
urobilinogen is reabsorbed into the bloodstream and is
excreted in the urine or reabsorbed by the liver.

Urobilinogen is increased if the liver cannot reabsorb the
urobilinogen, or if there is an increase in the breakdown of
red blood cells in the body. The increase in the breakdown of
red blood cells can occur in some kinds of anemias, such as
sickle cell anemia.

Sickle cell





1.35 Knowledge Check

 (Drag and Drop, 10 points, 1 attempt permitted)
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Match each chemical test with the condition it determines.

Specific Gravity

Fat metabolism
Bacteria present Ketones

Bilirubin

Nitrates





	Drag Item
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	Hemoglobin breakdown
	Rectangle 11

	Fat metabolism
	Rectangle 13

	Bacteria present
	Rectangle 15

	Urine concentration
	Rectangle 14


	Drag and drop properties

	Return item to start point if dropped outside any drop target

	Snap dropped items to drop target (Snap to center)

	Allow only one item in each drop target

	Delay item drop states until interaction is submitted


Feedback when correct:

That's right!  You selected the correct response.

Feedback when incorrect:

You did not select the correct response.

1.36 Microscopic Examination
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Microscopic Examination

In order to view the microscopic components of urine, a
portion of the urine is placed in a tube, and the tube is
placed in a centrifuge, where it is spun rapidly. This will
concentrate the cells and other components in the urine at
the bottom of the tube.

This is a photograph of the urine you saw in the chemical
section that contained the blood, but the blood cells are
now concentrated on the bottom of the tube. A
specialized pipet has been placed in the tube so that most
of the liquid can be poured off without losing the material
at the bottom of the tube. This material will then be re-
suspended and examined using a microscope.





1.37 Normal Urine Crystals
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Normal Urine Crystals

Crystals will form in urine if enough of certain
chemicals are present. As the urine begins to
cool from body temperature, crystal formation is
more likely to occur. Some of the crystals
observed in urine are normal, and are the result
of this cooling. The medical laboratory scientist
uses the pH reading obtained in the chemical
analysis to help them identify the crystals they
see. The calcium oxalate crystal (A) can be found
in urine of any pH. Phosphates (B) tend to be A Calcium osalate crystal
seen in alkaline urines, and uric acid (C) can be B. Calcium phosphate crystal
found in acidic urines. Glnsacdarials





1.38 Abnormal Crystals
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Abnormal Urine Crystals

When some crystals are found in urine, they are
indications of metabolic or pathological conditions.
Genetic disorders can result in the inability to breakdown
certain amino acids, such as tyrosine, which results in their
presence in the urine. In a genetic disorder of the amino
acid cystine, the renal tubules are unable to resorb cystine
from the urinary filtrate, so the amino acid is then
excreted in the urine. Cholesterol should not be present
in normal urine. However, when the filtering apparatus . J
of the kidney breaks down, many compounds from the

bloodstream, including cholesterol can enter the urinary A Cystine crystal
filtrate. When this happens, cholesterol crystals can B cholesterolayetal
occasionally be seen.





1.39 Renal Calculi
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Kidney Stones or Renal Calculi

When the urinary filtrate is very concentrated, or has a high concentration of specific chemicals,
crystals can form in the kidney, which can eventually grow to form renal calculi, more commonly
known as kidney stones. This is why some medications specifically state that the patient must drink
plenty of fluids while on certain drugs that can easily form crystals. Patients who excrete cystine in
their urine tend to get renal calculi forming because cystine tends to precipitate in acidic urine.

A. Calcium oxalate kidney stone

B. Uric acid and calcium phosphate are both present in this kidney stone
C. Cystine kidney stone
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1.40 Cells
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Cells

The cells along the urinary tract are normally replaced
by new cells, so a few of the old cells will be seen in the
urine. The cells in different parts of the renal tubules
will look different than the cells lining the bladder. The
number of cells observed and the type of cells seen can
be an indicator of various pathological conditions.

If the chemical analysis indicated blood was present, the
medical laboratory scientist should look for red blood
cells in the microscopic analysis. If the leukocyte
esterase pad was positive, the medical laboratory

scientist should look for the presence of white blood A Transitional Epithelial Cells
cells B. Red Blood Cells





1.41 Infectious Organisms

[image: image41.jpg]rine? Medical Laboratory Sciences

4. Microscopic Examination | Sections | About

hat Can | Learn From

Infectious Organisms
2

Not all bacteria that cause urinary tract infections (UTI) reduce
nitrates, but Escherichia coli, which is the most frequent cause 7
of urinary tract infections, does reduce nitrates. A—

If nitrites are positive, the medical laboratory scientist should o
look for bacteria in the microscopic analysis.

' - ' . B—»%@«C
Urine contains lots of nutrients that allow bacteria to grow, .
but it is not a good environment for cells and other S
components found in urine. It is important to remember that
bacteria will continue to multiply as the urine sits at room D
temperature. Urine should be examined within two hours of
being voided. This will minimize bacterial growth that is A idera

occurring as the urine sits. It will also minimize the effects of B. White Blood Cells
decomposition of the chemicals, cells, and other components C.Red Blood Cell

found in urine. 4@ Page6ofll Wy





1.42 Infectious Organisms
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Infectious Organisms

Yeast can also cause urinary tract infections, but more
often when they are seen in urine, they are the result
of a vaginal infection. Yeast is ubiquitous, meaning it  co/"
can be found everywhere, so it can also indicate

contamination from a number of different sources.

Another infectious organism that can be found in
urine is Trichomonas vaginalis. This protozoan is
sexually transmitted and results in infections of the

vagina and urethra. Their presence in urine most B
often signifies the urine has been contaminated with
vaginal secretions. These organisms have flagella and G macteria
¢ B. White Blood Cells
an undulating membrane that enable them to move C Red Blood Cell

about in the urine.





1.43 Casts
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Casts ’—' e |

The tubules of the nephron secrete a protein that acts very g’ -

similar to the protein in gelatin. This protein forms cross- / i f
links and can trap particulates that travel through the ', =
tubules. If you think of a jellied salad containing pieces of u »

fruit, a renal cast is like a microscopic version of the gelatin
mold, trapping blood or renal cells, fat, or particulate
matter traveling through the tubules.

If the cells seen in a cast are primarily white blood cells,
the medical laboratory scientist knows that there is an
infection in the kidney rather than in the bladder because
the casts are only formed in the kidney.

The urine that contained the cast shown in this
photograph also contained bilirubin, which is giving the
cells their brown color.





1.44 Fat
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Fat should never be found in the urine of a healthy individual.

When fat is observed in urine, it is always clinically significant.
It can occur with a number of renal diseases, some metabolic
diseases, following severe crushing injuries, and preeclampsia.

Fat can be found in three different forms in the urine. It can
occur as free floating fat droplets (the free floating circular
droplet at A). The fat enters the renal tubules through the
glomerulus, so it can also become trapped in a cast, forming a
fatty cast (the large mass of droplets held together that takes
up most of the photograph at B). The renal tubular cells will

absorb the fat from the tubules and can be found in the urine.

Individual cells containing fat droplets are called oval fat
bodies (the group of five or six droplets found together at C).

A. Free Fat Droplet
B. Fatty Cast
C. Oval Fat Body





1.45 Knowledge Check
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Which of the following can be found in the urine of a healthy individual?
Check all that apply.

A. Trichomonads

B. Fat

C. Calcium oxalate crystals

D. Yeast

eck answi





1.46 Completed Urinalysis
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A Complete Urinalysis

So now you know there are a lot of
things that can be learned from urine.
Whether the urinalysis is performed on an
instrument like the one shown here, or
manually in your doctor’s office, the
medical laboratory scientist can learn a lot
about your health from that one urine
sample.
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